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Abstract: In order to identify the plant-parasitic nematodes associated with Berberis vulgaris, Crocus sativus, and Ziziphus zizyphus,
360 soil samples were collected from the rhizosphere of these plants in the South Khorasan Province of Iran during 2012–2014. Among
the identified species, Tylenchorhynchus zeae Sethi and Swarup, 1968 of Telotylenchidae Siddiqi, 1960 is a new record from Iran and
the isolate is described and illustrated based on morphological, morphometric, and molecular characteristics. The phylogenetic tree
inferred from partial sequences of the 28S rRNA (D2D3 segments) grouped the Iranian isolate with other T. zeae sequences, forming
a strongly supported clade (Bayesian posterior probability: 100%). T. zeae is reported here for the first time on Ziziphus zizyphus for
Iranian nematofauna. Additional morphological and molecular information is also provided for other species including Amplimerlinius
globigerus, Merlinius brevidens, Pratylenchoides alkani, P. ritteri, Scutylenchus rugosus, S. tartuensis, and Trophurus impar from B.
vulgaris, C. sativus, and Z. zizyphus in Iran.
Key words: 28S rRNA, Iran, D2D3, Tylenchorhynchus zeae, phylogeny

1. Introduction
Plant-parasitic nematodes are common in agricultural
areas and some can become agents of damage when
populations grow above economic threshold levels.
Stunt nematodes are among the most investigated plantparasitic nematode groups. There are several classifications
for different genera using various morphological
characters and authors’ views (Allen, 1955; Siddiqi,
1960, 1979, 2000; Ryss, 1993; Decraemer and Hunt,
2006). Results based on sequences of the 28S rDNA also
showed that genera such as Amplimerlinius, Merlinius,
Geocenamus, Hexadorus (subsequently synonymized
with Geocenamus), Nagelus, and Scutylenchus were
included with Pratylenchoides in Merliniidae (Subbotin
et al., 2006). In other research performing phylogenetic
analyses using small subunit rDNA sequences,
Amplimerlinius icarus, Nagelus obscurus, Geocenamus
quadrifer, G. brevidens, Pratylenchoides magnicauda, and
P. ritteri were well separated from the two Telotylenchinae
species of Tylenchorhynchus dubius and T. maximus (Bert
et al., 2008; Holterman et al., 2009; Palomares-Rius et
al., 2009; Van Megen et al., 2009). According to Sturhan
(2012), Merliniidae consists two subfamilies: Merliniinae
* Correspondence: mahdikhani-e@ferdowsi.um.ac.ir

(Geocenamus, Merlinius, Paramerlinius, Macrotylenchus,
Amplimerlinius, and Nagelus) and Pratylenchoidinae
(Pratylenchoides). Based on phylogenetic analysis
Merliniidae and Telotylenchidae are not closely related
to each other (Ghaderi et al., 2014).
Molecular phylogenetic analyses are needed to
evaluate taxonomic programs. Molecular sequences
provide important information on genetic variation of
nematode populations. The objectives of this study were
to carry out a detailed morphological and morphometric
characterization of Tylenchorhynchus zeae Sethi & Swarup,
1968, which is a new record for the Iranian nematofauna,
and to perform a molecular characterization of the new
record and compare it with other known species such as
Trophurus impar belonging to Telotylenchidae Siddiqi,
1960 and Merlinius brevidens, Amplimerlinius globigerus,
Scutylenchus rugosus, S. tartuensis, Pratylenchoides
alkani, and P. ritteri belonging to Merliniidae Siddiqi,
1971 using the D2D3 expansion fragments of the 28S
rRNA gene. These nematode species were isolated from
Berberis vulgaris, Crocus sativus, and Ziziphus zizyphus in
Iran, which have not been studied before regarding their
associated plant-parasitic nematodes.
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2. Materials and methods
2.1. Soil samples
Soil samples were collected in 2012–2014 (360 samples)
from a soil depth of 20–50 cm from fields of important
crops including B. vulgaris, C. sativus, and Z. zizyphus in
South Khorasan Province of Iran (Table 1).
2.2. Nematode extraction
Nematodes were extracted from soil samples using the
tray method (Whitehead and Hemming, 1965) and then
they were handpicked under a Motic 1000 dissecting
microscope.
2.3. Light microscopy
Specimens were heat-killed by adding boiling 4% formalin
solution, and then they were transferred to anhydrous
glycerin according to De Grisse (1969). Measurements and
drawings were performed using a drawing tube attached
to an Olympus BH 2 light microscope. Photographs were
taken using an Olympus DP 72 digital camera attached
to an Olympus BX 51 microscope. Morphometric
abbreviations and ratios used in the present study followed
those of Siddiqi (2000). Nematodes were identified based
on morphological and morphometric characters using
identification keys (Geraert, 2011).

2.4. DNA extraction
For each nematodes species, a single specimen was
selected, washed in a drop of clean water (a temporary
slide was made for each individual), and then transferred
to a small drop of AE buffer (10 mM Tris-Cl, 0.5 mM
EDTA, pH 9.0) on a sterilized slide and squashed using
a clean cover glass. The suspension (DNA sample) was
recollected by adding 10 µL of AE buffer and stored at –20
°C until PCR amplification.
2.5. PCR procedure
Primers used for the amplification of the D2-D3 domains
were D2a (5’-ACAAGTACCGTGAGGGAAAGT-3’) and
D3b (5’-TGCGAAGGAACCAGCTACTA-3’) (Nunn,
1992). The PCR mixture (25 µL) contained 14 µL of distilled
water, 2.5 µL of 10X PCR buffer, 0.5 µL of dNTP mixture,
1.5 µL of 50 mM MgCl2, 1 µL of each primer (10 pmol/µL),
0.5 µL of Taq DNA polymerase (CinnaGen, Tehran, Iran,
5 U/µL), and 4 µL of DNA template. The thermal cycling
program employed an initial denaturation at 95 °C for 6
min, followed by 35 cycles with a denaturation at 94 °C
for 30 s, annealing at 47 °C for 30 s, and extension at 72
°C for 1 min. A final extension was performed at 72 °C for
10 min. PCR amplification success was evaluated on 1%

Table 1. Species used in the present study with location in South Khorasan in Iran, plant host, and GenBank accession number.
Species

Location in South Khorasan

Plant host

GenBank accession number

Amplimerlinius globigerus

Hasan Abad

Crocus sativus

KP313840

Merlinius brevidens

Barmazid

Ziziphus zizyphus

KP313841

Merlinius brevidens

Boghabad

Ziziphus zizyphus

KP313842

Merlinius brevidens

Sallmabad

Crocus sativus

KP313843

Merlinius brevidens

Ferdows

Crocus sativus

KP313844

Merlinius brevidens

Asadabad

Berberis vulgaris

KP313845

Merlinius brevidens

Booreng

Berberis vulgaris

KP313846

Merlinius brevidens

Marak

Berberis vulgaris

KP313847

Pratylenchoides alkani

Asad abad

Berberis vulgaris

KP313848

Pratylenchoides alkani

Boghong

Crocus sativus

KP313849

Pratylenchoides ritteri

Gazar

Ziziphus zizyphus

KP313850

Scutylenchus rugosus

Boghong

Crocus sativus

KP313851

Scutylenchus tartuensis

Chahhejrat

Ziziphus zizyphus

KP313852

Scutylenchus tartuensis

Masoomabad

Ziziphus zizyphus

KP313853

Scutylenchus tartuensis

Sarayan

Crocus sativus

KP313854

Scutylenchus tartuensis

Sarbishe

Berberis vulgaris

KP313855

Trophurus impar

Sarayan

Berberis vulgaris

KP313856

Tylenchorhynchus zeae

Fal

Ziziphus zizyphus

KM068058
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agarose gel and subsequently the gels were stained using
Green Viewer (SYBR).
2.6. Sequencing and phylogenetic analysis
PCR products were sequenced in both directions using
an ABI 3730 XL sequencer (Bioneer Corporation, South
Korea). The sequence chromatograms were checked
using BioEdit software (Hall, 1999). Forward and reverse
sequences were assembled in DNA Baser. Produced
sequences in this study can be consulted in the GenBank
database (accession number for T. zeae: KM068058).
Sixty-four sequences of the 28S rDNA gene were also
retrieved from GenBank and aligned with 18 sequences
produced in this study using Clustal X software (Larkin
et al., 2007) with default parameters. Phylogenic trees
were reconstructed using Bayesian inference (BI).
Bayesian analysis was performed in MrBayes 3.1.2 using
the GTR+I+G nucleotide substitution model (Ronquist
and Huelsenbeck, 2003). Analysis was run for two
million generations. The reconstructed tree was observed
using Fig Tree 1.3.1 software. Nucleotide distances were
calculated in MEGA 5 (Tamura et al., 2011) using the
K2P distance (Kimura, 1980). For determination of
identification percent, SDTv 1.2 software was used. In this
survey, Rhabditis nidrosiensis (AM399067) was used as the
outgroup.

3. Results
Here we discuss T. zeae, a new record for the Iranian
nematofauna, as well as other known species based on
morphological measurements and molecular data (Tables
2 and 3; Figure 1).
Tylenchorhynchus zeae Sethi and Swarup, 1968
(Figures 2 and 3)
Measurements: See Table 3.
Female: Body cylindrical, slightly curved ventrally
when killed by heat. Body clearly annulated, annuli 1.3
µm wide at midbody. Lateral field with four incisures.
Lip region continuous with body contour, head with four
annuli. Stylet with rounded anteriorly flattened to laterally
directed knobs. Dorsal gland opening 2.5–3 µm posterior
to the stylet base. Median bulb large, isthmus surrounded
by the nerve ring. Reproductive system didelphic,
amphidelphic with both genital branches equally
developed, anterior branch 133.5–220 µm long, posterior
one 97–170 µm long, vulva slightly protuberant. Ovaries
straight, spermatheca functional, rounded. Phasmid
openings large, located laterally at the longitudinal middle
of the tail. Tail subcylindrical including 12–16 annuli and
tip without annuli.
Male: General morphology similar to that of female but
slightly more slender. Testis single, anteriorly outstretched.

Table 2. Morphometric characters of Amplimerlinius globigerus, Merlinius brevidens, Scutylenchus rogusus, and S. tartuensis collected
from Iran. All measurements are in µm and in the form of mean ± SD (range).
Characters

Amplimerlinius globigerus

Merlinius brevidens

Scutylenchus rogusus

S. tartuensis

n

5

8

17

7

L

1013.5 ± 159.7 (866.5–1183.5)

650.0 ± 43.2 (600–718.5)

830.4 ± 44.0 (751.5–909)

877.6 ± 51.7 (824–953)

a

34.1 ± 4.3 (29.5–38.1)

26.2 ± 1.9 (23.9–29.0)

30.7 ± 2.9 (24.8–36.3)

35.1 ± 3.7 (31.6–41.4)

b

5.3 ± 0.4 (4.9–5.8)

5 ± 0.2 (4.5–5.2)

5.1 ± 0.2 (4.9–5.5)

6.2 ± 0.3 (5.9–6.8)

c

19.0 ± 1.4 (18–20.7)

13.7 ± 1.5 (11.3–15.7)

15.0 ± 0.9 (13.6–16.2)

15.6 ± 2.8 (12.7–20.0)

c’

2.3 ± 0.09 (2.2–2.4)

2.7 ± 0.2 (2.4–3.2)

3.0 ± 0.1 (2.7–3.3)

3.1 ± 0.5 (2.5–3.9)

V

58.0 ± 1.9 (55.8–59.5)

55.6 ± 1.0 (54.5–57.0)

55.9 ± 1.7 (54–60.2)

57.6 ± 1.8 (56.1–60.7)

V’

59.0 ± 0.4 (58.7–59.5)

60.0 ± 1.1 (58.2–61.5)

57.5 ± 1.8 (59.2–64.2)

61.6 ± 1.6 (60.6–64.6)

Stylet

22.5 ± 0.8 (22–23.5)

16.3 ± 0.2 (16–16.5)

24.3 ± 0.7 (23–25)

21.9 ± 1.4 (20–23.5)

Pharynx

187.6 ± 13.5 (175–202)

129.9 ± 9.3 (118.5–141)

161.1 ± 9.0 (148–170.5)

139.2 ± 11.5 (121–153)

S-E pore

134.3 ± 18.5 (115–152)

100.2 ± 6.2 (90.5–110)

146.0 ± 19.2 (121–170.5)

88.9 ± 9.3 (74–99)

Max. body width

29.8 ± 4.3 (25–33.5)

24.8 ± 3.0 (21.5–30)

26.2 ± 1.9 (24–31)

25.1 ± 2.1 (23–28.5)

MB

47.7 ± 1.3 (46.2–49)

44.2 ± 2.0 (41.1–46.5)

45.9 ± 1.2 (43.8–48.6)

50.8 ± 3.7 (45.7–55.7)

Head-vulva

566.6 ± 88.0 (478.5–661.5)

361.6 ± 22.2 (327–392)

464.7 ± 35.7 (413–548)

505.6 ± 25.9 (470–535)

Vulva-anus

393.5 ± 67.4 (331–465)

240.8 ± 23.0 (220–281)

310.5 ± 16.0 (283.5–329)

314.3 ± 27.1 (279–300.5)

G1

23.2 ± 1.9 (21.9–25.5)

25.9 ± 2.1 (23.6–29.3)

18.7 ± 1.4 (15.2–20.4)

29.1 ± 1.0 (28.2–30.2)

G2

23.5 ± 2.5 (21.4–26.4)

27.7 ± 3.7 (24.2–33.2)

17.6 ± 2.5 (14.2–22.2)

26.8 ± 1.4 (25.3–28.5)

Width in vulva

29.8 ± 4.3 (25–33.5)

24.7 ± 3.2 (21.5–30)

25.7 ± 1.6 (23.5–29)

24.2 ± 1.9 (22–27)

Tail length

53.3 ± 4.7 (48–57)

47.5 ± 4.1 (42–53)

55.1 ± 3.3 (50.5–61)

57.7 ± 11.2 (45–71)

Width in anus

22.8 ± 2.0 (20.5–24.5)

17.1 ± 1.3 (15.5–19)

18.2 ± 1.0 (16.8–20)

18.1 ± 0.5 (17.5–19)
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Table 3. Morphometric characters of Pratylenchoides alkani, P. ritteri, Trophurus impar, and Tylenchorhynchus zeae collected from Iran.
All measurements are in µm and in the form of mean ± SD (range).
Tylenchorhynchus zeae

Characters

Pratylenchoides alkani

P. ritteri

Trophurus impar

Female

Male

n

10

9

8

8

2

L

86 ± 62.4 (790–953)

651 ± 68.1 (561.5–734.5)

732.9 ± 27.9 (683.5–759.5)

644.4 ± 72.8 (541.5–752)

566.2 ± 19.4 (552.5–580)

a

30.7 ± 1.8 (28.5–33.2)

29.8 ± 1.7 (28.4–32.6)

28.8 ± 1.4 (26.8–30.6)

29.5 ± 1.8 (25.6–31.3)

32.8 ± 0.8 (32.2–33.4)

b

6.4 ± 0.4 (5.7–7.0)

4.9 ± 0.5 (4.3–5.6)

5.2 ± 0.1 (5.0–5.5)

5.1 ± 0.5 (4.2–5.9)

4.6 ± 0.1 (4.4–4.7)

b’

5.0 ± 0.3 (4.5–5.4)

3.5 ± 0.3 (3.2–4.14)

–

–

–

c

15.7 ± 2.1 (13.1–18.5)

16.0 ± 0.5 (15.3–16.7)

19.9 ± 1.2 (18.5–21.7)

17.1 ± 2 (13.3–19.2)

15.7 ± 0.2 (15.5–15.8)

c’

2.6 ± 0.2 (2.4–3.0)

2.6 ± 0.1 (2.5–2.9)

2.1 ± 0.0 (2–2.2)

2.7 ± 0.3 (2.3–3.2)

2.3 ± 0.1 (2.2–2.4)

V

55.3 ± 1.6 (53.8–57.3)

55.7 ± 1.6 (52.8–56.9)

58.3 ± 2.8 (54.7–62.2)

58.6 ± 1.1 (57.1–60.1)

–

V’

59.1 ± 1.2 (57.9–60.6)

59.6 ± 1.9 (56.5–61.6)

61.5 ± 3.0 (57.4–65.4)

62.3 ± 1.0 (61.1–63.5)

–

Stylet

23.9 ± 0.6 (23–24.5)

21.2 ± 1.0 (20–22.5)

13.3 ± 0.6 (12.5–14)

18.6 ± 0.3 (18.5–19)

18.2 ± 0.3 (18–18.5)

Pharynx

134.1 ± 11.6 (121.5–153)

132.1 ± 4.4 (128.3–138.5)

139.0 ± 5.6 (133.5–149.5)

125.5 ± 12.1 (105–143)

122.7 ± 0.3 (122.5–123)

S-E pore

119 ± 13.7 (104–140)

114.4 ± 9.5 (102–124.8)

99.4 ± 3.7 (94–104)

90.2 ± 13.0 (69–110)

95.5 ± 2.8 (93.5–97.5)

Gland overlap

38.1 ± 7.4 (31.5–49)

49.7 ± 21.0 (34–86.5)

–

–

–

Max. body width

28.3 ± 2.0 (26.5–31.5)

21.8 ± 1.3 (19.5–23)

25.3 ± 0.4 (24.8–26)

21.8 ± 2.4 (18–24.5)

17.2 ± 1.0 (16.5–18)

MB

57.2 ± 2.7 (53.9–61.5)

38.7 ± 3.2 (33.4–41.8)

53.0 ± 0.6 (52.2–53.8)

48.8 ± 2.1 (45.9–52.3)

48.2 ± 1.8 (46.9–49.5)

Head-vulva

480.4 ± 37.4 (435–513)

363.6 ± 46.4 (297–415)

427.9 ± 16.7 (410–457.5)

377.7 ± 39.4 (324.5–431)

–

Vulva-anus

331.6 ± 25.1 (306–373)

244.6 ± 15.7 (228–269)

268.2 ± 29.2 (237.5–307.5)

228.6 ± 30.4 (182.5–274)

–

G1

22.1 ± 2.1 (19.4–24.7)

24.1 ± 2.2 (21.2–26.9)

19.1 ± 2.8 (15.5–23.0)

24.7 ± 2.7 (21.3–30.3)

–

G2

18.0 ± 4.2 (14.6–24.0)

21.8 ± 5.1 (14.0–26.4)

–

19.8 ± 3 (15.9–24.5)

–

Width in vulva

27.2 ± 1.3 (25.5–29)

21.6 ± 1.3 (19.5–23)

22.1 ± 3.8 (14.5–25)

21.2 ± 2.1 (18–24)

–

Tail length

56 ± 8.5 (48–67)

40.5 ± 4.2 (36.5–45)

36.7 ± 1.9 (34–39)

38 ± 6.1 (30–47)

36 ± 0.7 (35.5–36.5)

Width in anus

20.7 ± 1.2 (19-22)

15.3 ± 1.1 (14-17)

17.2 ± 0.9 (16-19)

13.6 ± 1.2 (12-16)

15.5 ± 1.4 (14.5-16.5)

Spicule

-

-

-

21 ± 1.4 (20-22)

Gubernaculum

-

-

-

7.5 ± 0.7 (7–8)

Figure 1. Anterior and posterior end of Amplimerlinius globigerus (A), Merlinius brevidens (B), Pratylenchoides alkani (C), P. ritteri (D),
Scutylenchus rugosus (E), Scutylenchus tartuensis (F), and Trophurus impar (G).

Spicules paired, 20–22 µm long, gubernaculum distinct,
rod-shaped with slightly curved anteriorly and about 7–8
µm long. Bursa extends anteriorly to the cloaca with 11
annuli and posteriorly envelops the tail tip.
Molecular information (D2-D3 segment of 28S
rRNA) of Tylenchorhynchus zeae: The partial sequence
of the 28S rRNA (D2-D3 segment) for T. zeae yielded
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698-bp nucleotides. The DNA sequence was submitted
to GenBank with accession number KM068058. Bayesian
analysis showed T. zeae from Iran to be related to other
T. zeae sequences (KJ461563, KJ461564, and KJ461566).
NBLAST search based on 28S sequences from the
Iranian population of T. zeae (KM068058) attributed
99% similarities with other T. zeae sequences deposited

ALVANI et al. / Turk J Zool

Figure 2. Tylenchorhynchus zeae: anterior end of the female (A), head with stylet (B), lateral lines (C), vulva
with ovary (D), tail terminus in female (E), tail terminus with bursa in male (F), phasmid (G), and spicule (H).

in GenBank. A multiple alignment of 650 bp of the 28S
gene for three Tylenchorhynchus species indicated that
648 sites were conserved and two were variable. In the
phylogenetic tree reconstructed based on 28S sequences,
T. zeae (KM068058) formed a monophyletic group with
three additional T. zeae sequences with 100% bootstrap
support (Figure 4). The mean interspecific distance (using
the K2P model) based on 28S sequences was 0.25.

4. Discussion
T. zeae was recovered from soil samples collected from the
rhizosphere of Z. zizyphus, Fal, South Khorasan Province,
southwestern Iran. The Iranian population of T. zeae (Table
3) matches the original description of Sethi and Swarup
(1968). T. zeae shows similarity with T. ewingi Hopper,
1959; T. mashhodi Siddiqi & Basir, 1959; and T. elegans
Siddiqi, 1961. It differs from T. ewingi by the absence of
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Figure 3. Tylenchorhynchus zeae: anterior end of the female (A) and male (B), head with stylet (C), shape of the
female body (D) and male (E), vulva with ovary (F), lateral lines (G), tail with bursa in male (H), and tail of female
(I–K).

a postanal extension of the intestine and by a continuous
lip region. It can be distinguished from T. elegans by
the tail shape (subcylindrical and broadly rounded vs.
hemispherical terminus); it is further distinguished by 23
tail annuli in T. elegans vs. 12–16 in T. zeae). T. mashhodi
can be distinguished from T. zeae by tail shape (conoid vs.
slightly arcuate), lip annuli (3 vs. 4), width of body annuli
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(3 vs. 1.3 µm), and the pattern of the tail terminus (striated
vs. unstriated).
From the known species of Tylenchorhynchus, this
species was identified by the number of lip annuli (4),
number of tail annuli (12–16), tail shape, and annuli width
(about 1.3 µm in the middle of the body).

ALVANI et al. / Turk J Zool

Figure 4. Phylogenetic relationships among selected species of the order Tylenchida: Bayesian 50% majority rule
consensus tree from two runs as inferred from analysis of the D2D3 of 28S rRNA gene sequence alignment under
the GTR + I + G model. New sequences are indicated in bold (Table 1).
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Our molecular results showed that T. zeae as well as
all Tylenchorhynchus species within Telotylenchidae were
relatively well supported in the Bayesian tree; however,
they also demonstrated it to be not closely related
to Merliniidae. The similarity percentages between
sequences of Telotylenchidae, based on the K2P distance
model, were in some cases very high, as high as 100%
(Figures 4 and 5). According to recent studies, Merliniidae
and Telotylenchidae are not closely related to each other
(Subbotin et al., 2006; Bert et al., 2008; Holterman et
al., 2009; Palomares-Rius et al., 2009; van Megen el al.,
2009; Ghaderi et al., 2014). Our results also showed that
other genera such as Amplimerlinius, Merlinius, and
Scutylenchus were placed with the genus Pratylenchoides
in one clade. This supports some findings concerning
the morphological affinities of Pratylenchoides species
with Amplimerlinius (Baldwin et al., 1983; Ryss and
Sturhan, 1994) and the transference of Pratylenchoides
to the Merliniidae (Sturhan, 2012). Our findings are also
supported by others (Subbotin et al., 2006; Ghaderi et al.,
2014). Results from SDTv 1.2 software also showed that
Merliniidae and Telotylenchidae are different and some
genera, such as Amplimerlinius, Scutylenchus, Merlinius,
and Nagelus, were placed with the genus Pratylenchoides
by high similarity percentage (about 100%) (Figure 5).

Psilenchus also grouped together with high support as a
basal taxon of some Merliniidae. Surprisingly, this clade
includes the only stunt nematode genera bearing deirids
(except Scutylenchus, which lacks deirids) and phasmids.
These are sense organs laterally located at the anterior
(level of basal bulb) and posterior (tail) region of the
body, respectively. Such morphological features are also
found in Psilenchus and therefore it was suggested by
Ryss (1993) that these features are a synapormophy as a
basis to group these genera. According to Siddiqi (2000),
Psilenchus was placed in a separate family (Psilenchidae)
and was not considered to be closely related to other
Tylenchidae genera (Aglenchus, Coslenchus); rather, he
placed it within the superfamily Dolichodoroidea, which
includes all the stunt nematodes (e.g. Telotylenchinae
and Merliniinae).
In the present study Scutylenchus formed a distinct
clade within Merliniinae, thus supporting the view of
Siddiqi (1979, 2000) on Scutylenchus as a distinct genus.
Trophurus is characterized by its reduced posterior
genital branch presented by a postuterine sac, which
makes it unique among the Telotylenchinae. As noted
by Loof (1956), the V ratio is equal to about 50 in some
monodelphic Tylenchidae, but in those cases the long
filiform tail is responsible for this unusual situation.

Figure 5. Pairwise identity between species based on SDTv 1.2 software. Brown and red colors show higher percentage of identity
between species.
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Trophurus has a short tail and yet the vulva is in the middle
region of the body (Fortuner and Luc, 1987). Bert et al.
(2008) indicated that monodelphy is an ancestral character
for tylenchid nematodes. The position of the Trophurus
clade within the Telotylenchinae might indicate that
monodelphy in Trophurus is the result of a secondary loss
of the posterior genital branch during evolution.
In this study, Pratylenchoides species (P. alkani and
P. ritteri) were included. Brzeski (1998), Karegar (2006),
and Ghaderi et al. (2014) synonymized P. alkani with P.
ritteri. In this study new Iranian isolates of P. alkani and
P. ritteri indicated that these species are molecularly
indistinguishable and P. alkani should be considered as a
synonym of P. ritteri.
T. zeae of the family Telotylenchidae is probably widely
distributed in South Khorasan (Fal, South Khorasan
Province, Iran). This is the first report of the occurrence

of T. zeae in Iran, which was recovered from Z. zizyphus.
Because of the importance and high frequency of stunt
nematodes in South Khorasan Province, we studied
some of them based on morphological and molecular
characterization by emphasizing T. zeae as a new record.
More studies based on other parts of ribosomal RNA genes
will be useful in the future to determine the phylogenetic
position of this important group of plant-parasitic
nematodes.
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